**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live" 



IS 9967-3 (2008) : Milk and milk products - Determinaion of 
nitrate and nitrite contents, Part 3: Method using cadmium 
reduction and flow injection analysis with in-line dialysis 
^FAD 19: Dairy Products and Equipment] 




Jawaharlal Nehru 
'Step Out From the Old to the New' 



a^yj i imzzmn^a rafrg amsBs 



2*S< W I *>S*V2^NK^ 



^frcvvv^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
"Knowledge is such a treasure which cannot be stolen" 




.^^_ 



• 




BLANK PAGE 



*rt*2V^ 





PROTECTED BY COPYRIGHT 



IS 9967 (Part 3) : 2008 
ISO 14*73-3: 2004 

3T9T f^JT^T 

Indian Standard 

MILK AND MILK PRODUCTS — 

DETERMINATION OF NITRATE AND 

NITRITE CONTENTS 

PART 3 METHOD USING CADMIUM REDUCTION AND FLOW INJECTION 
ANALYSIS WITH IN-LINE DIALYSIS (ROUTINE METHOD) 

( Second Revision ) 

ICS 67 100.01 



© BIS 2008 
BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN. 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 

July 2008 Price Group 5 



Dairy Products and Equipment Sectional Committee, FAD 19 



NATIONAL FOREWORD 

This Indian Standard (Part 3) (Second Revision) which is identical with ISO 14673-3 : 2004 'Milk and 
milk products — Determination of nitrate and nitrite contents — Part 3: Method using cadmium reduction 
and flow injection analysis with in-line dialysis (Routine method)' issued by the International Organization 
for Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the 
Dairy Products and Equipment Sectional Committee and approval of the Food and Agriculture Division 
Council. 

This standard was first published in 1981 based on the earlier version of Internationa! Standard, 
ISO 4099 : 1978 and subsequently revised in 1997 to align with the revised ISO 4099 : 1984 under dual 
numbering and its scope covered determination of nitrate and nitrite contents in cheese using 
cadmium reduction and spectrometry. Subsequently ISO 4099 was withdrawn and revised into three 
parts of ISO 14673 to include in its scope a variety of milk and milk products and also including two 
more methods for determination of nitrate and nitrite contents. 

Subsequently to align with ISO 14673 on the subject, IS 9967 is now being revised into three parts. 
Other parts are as follows: 

Part 1 Method using cadmium reduction and spectrometry 

Part 2 Method using segmented flow analysis (routine method) 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard 
without deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current 

practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards which are to be substituted in their respective places are 
given below along with their degree of equivalence for the editions indicated: 



International Standard 



ISO 1042 : 1998 Laboratory 

glassware — One-mark 
volumetric flasks 

ISO 14673-1 : 2004 Milk and milk 
products — Determination of 
nitrate and nitrite contents — 
Part 1 : Method using cadmium 
reduction and spectrometry 



Corresponding Indian Standard 

IS 915 : 2006 One-mark volumetric flasks 
— Specification (second revision) 

IS 9967 (Part 1) : 2008 Milk and milk 
products — Determination of nitrate and 
nitrite contents: Part 1 Method using 
cadmium reduction and spectrometry 



Degree of 
Equivalence 

Technically 
Equivalent 

Identical 



In reporting the result of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding off numerical values {revised^. 
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Indian Standard 

MILK AND MILK PRODUCTS — 

DETERMINATION OF NITRATE AND 

NITRITE CONTENTS 

PART 3 METHOD USING CADMIUM REDUCTION AND FLOW INJECTION 
ANALYSIS WITH IN-LINE DIALYSIS (ROUTINE METHOD) 

( Second Revision ) 

WARNING — The use of this International Standard may involve hazardous materials, operations and 
equipment This standard does not purport to address all the safety problems associated with Its use. 
It is the responsibility of the user of this standard to establish safety and health practices and 
determine the applicability of regulatory limitations prior to use. 

1 Scope 

This part of ISO 14673 1 IDF 189 specifies a routine method for the determination of the nitrate and nrtnte 
contents of milk and milk products by cadmium reduction and flow injection analysts (FIA) The method is 
applicable to hard, semi-hard and soft cheeses of various ages, and processed cheese The detection limits of 
the method are 0,5 mg of nitrate tons per kilogram and 1 .0 mg of nitrite tons per kilogram 

The method is also applicable to whey powder, milk powder and milk-based infant food 

NOTE 1 The method closely resembles the FIA method described in reference [2] for the determination of nitrate and 
nitrite in milt and fluid dairy products Adaptations were made to allow for the analysis of cheese and to obtain sufficient 
sensitivity for the determination of low levels of nitnte in cheese and milk -based infant foods 

NOTE 2 For determination of nrtrita and nitrate following cadmium reduction, use ts made of the same colour reaction 
as described in ISO 14673-1 llOF 189-1 



2 Normative references 

The foaowing referenced documents are indispensable for the application of this document For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies 

ISO 1042, Laboratory glassware — One-mark volumetric flasks 

ISO 14673-1 llDF 189-1, Mtik and mtik products — Determination of nitrate and nitrite contents — Part 1 
Method using cadmium reduction and spectrometry 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply 

3.1 

nitrate content 

mass fraction of nitrate determined by the procedure specified in this part of ISO 14673! IDF 189 

NOTE The nitrate content is expressed as the mass tn rmfograms of nitrate sons (NO-f ) pe^ kHogram f product 
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3.2 

nitrite content 

mass fraction of nitrite determined by the procedure specified in this part of ISO 146731 IDF 189 

NOTE The nitrite content is expressed as the mass in milligrams of nitrite ions (N0 2 ") per kilogram of product 



4 Principle 

4.1 A test portion is suspended in a warm extraction buffer solution Fat is separated by centrifuging and 
rapid cooling Analyses are made of small portions of the de-fatted solution by flow injection analysis (FIA). In- 
line dialysis is used to remove protein and remaining fat. The nitrate ions are reduced to nitrite ions by 
cadmium The nitrite ions are reacted with su'fantlamide and AM-naphthyl ethylenediamine dihydroehloride to 
give a red-coloured azo dye. The colour is measured in a flow cell at maximum absorption of the dye at 
540 nm with reference to the absorption measured at 620 nm. 

4.2 The nitrite and nitrate contents of the test sample are calculated with reference to the measured 
absorbances for a series of standard solutions of nitrite and nitrate, respectively. If the nitrite content exceeds 
0,5 mg/kg, or exceeds 10 % of the nitrate content, correction of the nitrate content is made by subtracting the 
nitrite content from the obtained nitrate results. 



5 Reagents 

Use only reagents of recognized analytical grade unless otherwise specified. 

5.1 Water, distilled or deionized. or water of equivalent purity, free from nitrate and nitrite ions. 

$.2 Cadmium reduction column, for example Aquatec-Tecator 1 * 

5.3 Extraction buffer solution or carrier solution (C2) 

Dissolve 26,6 g of ammonium chloride (NH 4 CI) in 800 ml water in a 1 000 ml conica' flask. By adding 
concentrated ammonia, adjust the pH to 8,5 Dilute to 1 000 ml with water and mix 

5.4 Hydrochloric acid (HCI), ( A > 20 = 1 ,1.9 g/ml) 

5.5 Reagent solution (R1 ) 

Dissolve 5,0 g sulfanilamide (NH 2 C 6 H 4 S0 2 NH 2 ) in a mixture of 300 ml water and 26 ml of hydrochloric acid 
(5 4} in a 500 ml volumetric flask (6 3) Dilute to the mark with water and mix. 

5.6 Reagent solution <R2) 

Dissolve 0,5 g of AM-naphthyl ethylenediamine dihydroehloride (C 10 H 7 NHCH 2 CH 2 NH 2 2HCI) in water in a 
500 ml volumetric flask (6 3) Dilute to the mark with water and mix 

The solution may be stored for up to 1 week in a well-stoppered brown bottle in a refrigerator 

5.7 Regeneration solution, e(HCI) = 0, 1 mof/l 

Dilute 80 m! of hydrochloric acid (5 4) with water to 1 litre and mix 



1} Aquatec-Tecator is an example of a suitable product available commercially This information is given for the 
convenience of users of this part of ISO 1 4673 1 IDF 189 and does not constitute an endorsement by ISO or IDF of this 
product J 
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5.8 Sodium nitrate stock solution. c(N0 3 ~) « 1 000 mg/l 



Before use, dry sodium nitrate (NaNOj) to constant mass at 110 *C to 120 *C Dissolve 137,1 mo, of the dry 
NaN0 3 in water in a 100 mi volumetric flask (6 3). Dilute to the mark with water and mix 

5.9 Sodium nitrate calibration solutions 

Prepare the sodium nitrate calibration solutions on the day of use. Pipette amounts of 25 ug, 50 ug. 100 ug 
150 pg end 250 ug of sodium nitrate stock solution (5.8) into separate 50 ml volumetric flasks (6 3) Dilute to 
the mark with extraction buffer solution (5 3) to obtain sodium nitrate calibration sokitxxis corresponding to 
0,50 mg/l , 1 ,00 mg/l, 2.00 mg/l. 3,00 mg/l and 5,00 mg/1 nitrate ions respectively 

5.10 Sodium nitrite stock solution, c(N0 2 ~) ■ 1 000 mg/l 

Before use, dry the sodium nitrite (NaN0 2 ) to constant mass at 1 10 *C to 120 *C Prepare me sodium nitrite 
stock solution on the day of use. Dissolve 150,0 mg of the dry NaN0 2 in water tn a 100 ml vokjmetric flask 
(6.3). Dilute to the mark with water and mix. 

5.11 Sodium nitrite working solution, c(N0 2 ~) = 50.0 mg/1. 

Pipette 5,00 ml of the sodium nitrite stock solution (5.10) into a 100 ml volumetric flask Dilute to the mark with 
water and mix. 

5.12 Sodium nitrite calibration solutions 

Shortly before use. pipette amounts of 25 pi, 50 pi. 100 pi, 200 pi and 400 pi of the sodium nitrite working 
solution (5.11) into separate 50 ml volumetric flasks (6,3). Dilute to the mark with extraction buffer solution 
(5.3) to obtain sodium nitrite calibration solutions corresponding to 0,025 mg/l. 0.050 mg/1, 0,100 mg/l. 
0,200 mg/l and 0,400 mg/l nitrite ions respectively. Mix well 

5.13 Sodium nitrite reference solution, c (N0 2 ~) * 1 .46 mg/l. 

Pipette 1 480 u! of the sodium nitrite working solution (5 11) into a 50 ml volumetric flask (6 3) Dilute to the 
mark with extraction buffer solution (5 3) and mix. Prepare the sodium nitrite reference solution shortly before 
use. 



6 Apparatus 

Clean all glassware thoroughly and rinse with distilled water to ensure that it ts free from nitrate and nitrite tons 
Usual laboratory equipment and, in particular, the following 

6.1 Analytical balance, capable of weighing to the nearest 1 mg, with a readability of 0.1 mg 

6.2 Sample container, provided with an airtight lid 

6.3 Volumetric flasks of nominal capacity 50 ml, 100 ml and 500 ml, complying with the requirements of 
ISO 1042. class B. 

6.4 Pipettes, capable of delivering 25 pi, 50 pi 100 pi. 150 pi, 200 pj. 250 pi. 400 pj and 1 480 u* (semi- 
automatic pipettes). 

6.5 Grinding device, appropriate for grinding the test sample if necessary To avoid loss of moisture, the 
device should not produce undue heat. A hammer mifl shal not be used 
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6.6 Laboratory mixer or homogenizer (eg an Uttra-turrax 2 >), with glass containers of capacity 250 ml or 
400 ml, suitable for suspending test portions of cheese 

6.7 Tab** centrifuge, wrth centrifuge tubes of capacity 50 ml, capable of centrifuging at 1 500 # 

6.8 Flow injection analyser (FIA) (e g a Tecator 2) ). with a Fiastar analyser, controller, dialysis module, 
sampler, provided with sample cups of 4 ml, with specific instrument control and evaluation software, 
nrtrtte/nrtrate manifold (see Figure 1), a sample loop volume of 200 ul. two mixing coils of length 60 cm and of 
diameter 7 mm. connecting tubings and pump tubings providing the flow rates given in Table 1. 

Other flow injection analysers may use otner procedures. The instructions of the manufacturer, therefore, 

should be strictly followed 

Table 1 — Flow rates 

Values in miihtitres per minute 



Solution 


Flow rate for nitrate 


Flow rate for nitrite 


Sample/wash 


2 


2 


Carrier C1 i water) (5 1) 


2 


12 


Camer C2 (5 3j 


2 


12 


Reagent R1 ^5 5) 


06 


04 


Reagent R2 (5 6) 


0,6 


04 



$.9 Matrix spectrophotometer (eg SKALAR T ), equipped with interference filter 540 nm and interference 
filter 620 nm a flow cell of path length 5 cm and of volume 40 ul 



6.10 Ff A program parameters for nitrite 




6.10.1 Program parameters 




Evaluation 


peak height 


Calibration equation 


linear 


Number of standards 


5 


FIA-pattem collection time/cycle time 


120 s 


6.10,2 Timing parameters 




Window for peak maximum 


30 s to 50 s 


Signal filtering maximum 


2 s 


Window for baseline detection 


to 10 s 


Injection period 


to 60 s 


Sample loop wash 


60 s to 80 s 


Sample loop filling 


80s to 120 s 



2? These products are examples of a suitable products available commercially This information is given for the 
convenience of users of this part of ISO U673tDF 189 and does not constitute an endorsement by ISO or (OF of these 
products 
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6.10.3 Calibration check 

Tolerance 

Repeat after (samples) 
Standard used 

6.11 FIA program parameters for nitrate 

6.11.1 Program parameters 

Evaluation 

Calibration equation 

Number of standards 

FIA-pattern collection time/cycle time 

6.11.2 Timing parameters 

Window for peak maximum 
Signal filtering time 
Window for baseline detection 
Injection period 
Sample loop wash 
Sample loop filling 

6.11.3 Calibration check 

Tolerance 

Repeat after (samples) 

Standard used 



±5% 

10 samples 

0,100rngyiNO 2 - 



peak height 

linear 

5 

60s 



25 s to 40 s 
1 s 

0to15s 
to 20 s 
20 s to 35 s 
35 s to 60 s 



±5% 

10 samples 

2,00 mg/i N0 3 ~ 



7 Sampling 

Sampling is not part of the method specified in this part of ISO 14673 1 IDF 189 A recommended sampling 
method is given in ISO 707. 

It is important that the laboratory receive a sample which is truly representative and has not been damaged or 

changed during transport or storage 

Store the test sample in such a way that deterioration and change tn composition are prevented 



8 Preparation of test sample 



8.1 Cheese 

8.1.1 Prior to analysis, remove the rind or mouldy surface layer of the test sample m such a way as to 
obtain a sample representative of the cheese as rt is usually consumed 

6.1.2 Grind the test sample by means of an appropriate grinding device (6 5) Mix the ground mass quic% 
and, if possible, grind a second time and again mix thoroughly Clean the device after grinding of each sample 
If the test sample cannot be ground, mix it thoroughly by intensive sttmng and kneading 
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8.1.3 As soon as possible after grinding, transfer the test sample to a sample container (6 2) to await the 
determination which, preferably, should be carried out immediately. If a delay is unavoidable, take all 
precautions to ensure proper conservation of the test sample and to prevent moisture collecting on the inside 
surface of the container 

8.1.4 Do not examine ground cheese showing unwanted mould growth or beginning to deteriorate 

9 Procedure 

9.1 Checking the reducing capacity of the cadmium column 

9.1.1 Check the reducing capacity of the cadmium column at the beginning and at the end of a series of 
determinations and at least twice a day 

9.1 .2 Prepare the FIA system for operation according to 9.6. 1 . 

9.1.3 Fill a cup with sodium nitrite reference solution (5.13). 

9.1.4 Fill another cup with the sodium nitrate calibration solution (5.9). 

9.1.5 Analyse the sodium nitrate calibration solution (9.1 .4) and the sodium nitrite reference solution (9.1.3). 
Divide the peak height found for nitrate by the peak height for nitrite and multiply by 100 to obtain the 
percentage reducing capacity of the cadmium column. If the reducing capacity is less than 95 %, regenerate 
the column (see 9 2). 

9.2 Regeneration of the cadmium column 

Regenerate the cadmium column at the end of each day after use, or more frequently if the check of its 
reducing capacity (9 15) indicates a loss of efficiency 

Disable pump flows for carrier solution C2 (5 3) and reagents R1 (5 5) and R2 (5.6) Unscrew the tubing at the 
inlet of the dialysis module connecting the injector to the dialysis module Run water (5.1) used as carrier 
solution C1 through the injector until the system is filled Connect the cadmium column to the outlet of the 
injector Start the pump again and make three to five injections of reagent solution R2 (5.6) followed by the 
sodium nitrate standard solution (5.8). Wash the column by passage of carrier solution C2 (5.3). 

9.3 Test portion 

9.3.1 Cheese and dried milk products 

Weigh, to the nearest 1 mg, 2,5 g of the test sample (8. 1 2) into a 50 ml centrifuge tube (6.7) 

9 3.2 Liquid milk products 

Weigh, to the nearest 1 mg. 10 g of the test sample (8 1 2) into a 50 ml centrifuge tube (6 7). 

9.4 Extraction 

9.4.1 Add 24 ml of extraction buffer solution (5 3), preheated to a temperature of 50 X to 55 X. to the test 
portion (9 3) in the 50 ml centrifuge tube Mix with the homogenizer for about 3 min until the test portion is well 
suspended 

9.4.2 Centrifuge the test solution in the tube (9.4 1 ) at about 1 500 g for 5 min. 

9.4.3 Race the centnfuge tube in a mixture of water and ice for 15 min to cool the test solution. 



IS 9967 (Part 3) : 2008 
ISO 14673-3 : 2004 

9.4.4 Withdraw with a pipette (6 4) the de-fatted test solution from underneath the fat layer m the centrifuge 
tube. Fill the cups of the FIA, for both the nitnte and nitrate determinations, with the obtained de-fatted test 
solution. 

9.5 Determination of nitrite content 

9.5.1 Install the manifold of the flow injection analyser (FIA) according to the scheme in Figure 1 Use the 
pump tubings of the FIA (6 8) for the determination of nitnte white leaving out the cadmium reduction column 
(5.2). Connect the bottles with both reagent solutions R1 (5 5) and R2 (5 6) and earner solution C2 (5 3) Start 
the pumps of the FIA to flush the system for 5 min to 10 mm 

9.5.2 Load the analyser with the FIA program for nitrite (6 10) Run the sodium nitnte calibration solutions 
(5.12) to calibrate the system, followed by the de-fatted test solution (9 4 4) 

9.5.3 Check the calibration, both at the end of a series and after each group of 10 test solutions, by 
analysing the sodium nitrite calibration solution of 0,100 mg/l nitrite tons (5 .12), 

9.6 Determination of nitrate content 

9.5.1 Install the manifold of the flow injection analyser (FIA) according to the scheme m Figure 1 Use the 
pump tubings of the FIA (6.8) for the determination of nitrate while using the cadmium reduction column (5 2) 
Connect the bottles with both reagent solutions R1 (5 5) and R2 (5 6) and earner solution C2 (5 3) Start the 
pumps of the FIA to fill the system with the liquids Stop the pumps and install the cadmium reduction column 
(5.2). Start the pumps again to flush the system for 5 min to 10 min Check the reducing capacity of the 
cadmium column (9.1). 

9.6.2 Load the analyser with the FIA program for nitrate (6.11) Run the sodium nitrate calibration solutions 
(5.9), to calibrate the system, followed by the de-fatted test solution (9 4 4) 

9.5.3 Check the calibration, both at the end of a series and after each group of 10 test solutions, by 

analysing the sodium nitrate calibration solution of 2,00 mg/l nitrate tons (5 9) 

10 Calculation and expression of results 
10.1 Nitrite content 

10.1.1 Calculation of nitrite content 

Calculate the nitrite content of the test sample, a/ N1 . using the following equation 

25 

m 

where 

<y N1 is the nitrite content of the sample, in milligrams of nitrite ions per kilogram, 

c N1 is the numerical value of the concentration, read from the calibration graph, corresponding to the 
measured absorbance of the test solution (9 5 2). in micrograms of nitrite ions per litre, 

m is the mass of the test portion (9 3). in grams 

10.1.2 Expression of results 

Express the results to one decimal place 
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10.2 Nitrate content 

10.2.1 Calculation of nitrate content 

Calculate the nitrate content of the sample, *> N2 . using the following equation: 

25 

where 

<j H2 is the nitrate content of the sample, in milligrams of nitrate ions per kilogram; 

c m is the numerical value of the concentration, read from the calibration graph, corresponding to me 
measured absorbance of the test solution (9.6 2), in micrograms of nitrate ions per litre; 

m is the mass of the test portion (9.3), in grams. 

10.2.2 Calculation of the corrected nitrate content 

Calculate the corrected nitrate content of the sample. w NC , using the following equation: 

where tJ HC is the nitrate content of the test sample corrected for its nitrite content, in milligrams of nitrale ions 
per kilogram 

10.2.3 Expression of results 

Express the results to whole numbers 

11 Precision 

11.1 General 

The values for repeatability and reproducibility limits are expressed for the 95 % probability level and may not 
be applicable to concentration ranges and matrices other than those given 

11.2 Nitrite content 
11 2 1 Repeatability 

The absolute difference between two independent single test results, obtained using the same method on 
identical test material m the same labc atory by the same operator using the same equipment within a short 
interval of time, will in not more than 5 % of cases be greater than 0,5 mg/kg of product 

11.2.2 Reproducibility 

The absolute difference between two single test results obtained using the same method on identical test 
material m different laboratories with different operators using different equipment will in not more than 5 % of 
cases be greater than I mg/kg of product 



IS 9967<Part3):2008 
ISO 14673-3:2004 

11.3 Nitrate content 

11.3.1 Repeatability 

The absolute difference between two independent single test results, obtained using the same method on 
identical test material in the same laboratory by the same operator using the same equipment within a snort 
interval of time, will in not more than 5 % of cases be greater than: 

— for samples with a nitrate content < 100 mg/kg: 10 mg/kg; 

— for samples with a nitrate content ^ 100 mg/kg: 15 % of the anthmetic mean of the results 

11.3.2 Reproducibility 

The absolute difference between two single test results, obtained using the same method on identical test 
material in different laboratories with different operators using different equipment, will in not more than 5 % of 
cases be greater than: 

— for samples with a nitrate content < 100 mg/kg: 1 5 mg/kg. 

— for samples with a nitrate content ^100 mg/kg: 20 % of the arithmetic mean of the results 

12 Test report 

The ;est report shall specify: 

— all information required for the complete identification of the sample. 

— the sampling method used, if known; 

— the test method used, with reference to this part of ISO 146731 IDF 189, 

— all operating details not specified in this part of ISO 14673llDF 189. or regarded as optional together with 
details of any incident which may have influenced the result(s), 

— the test result(s) obtained or, if the repeatability has been checked, the final quoted results obtained 

1 2 3 




Key 

1 injector (200 ul) 

2 dialysis ceil 



3 reductor 

4 waste 



Figure 1 — Schematic view of the nitrite/nitrate manifold 
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